Frequently, the microbial suspension contained sufficient foaming substances so that other agents were not added (1, 12), but short-chain fatty acids and inorganic salts (3, 4, 5), quaternary ammonium salts (9, 11, 13), and lauric acid and ethyl alcohol (14) have been used to produce foam and accelerate removal of cells.
Foam separation has recently gained attention as a method to concentrate cells from dilute suspension for more accurate analyses of cell counts. and to remove cells from contaminated, natural waters, permitting reductions in disinfectant dosages and eliminating the adverse effects of high disinfectant concentrations. The atter use has been primarily the goal of this study.
The successful removal of bacteria from suspension by foaming processes has been investigated with a variety of systems, organisms, and purposes; each investigator has used a different set of variables. The criterion for removal has often been a decrease in viable cells (11, 13) or turbidity (14) , which may not be an index of total removal. Gaudin et al. (3, 4) used dipicolinic acid and a direct spray-count method to determine the relative numbers of dormant spores, germinated spores, and vegetative cells of Bacillus subtilis. Grieves and Wang (9) described a membrane-filter, direct-count technique.
Frequently, the microbial suspension contained sufficient foaming substances so that other agents were not added (1, 12) , but short-chain fatty acids and inorganic salts (3, 4, 5), quaternary ammonium salts (9, 11, 13) , and lauric acid and ethyl alcohol (14) have been used to produce foam and accelerate removal of cells.
A previous investigation (9) reported the effects of foaming time and of initial cell and surfactant concentrations on cell concentrations in the residual suspensions, on residual surfactant concentrations, on collapsed foam volumes, on the cell residual ratios, and on the cell enrichment ratios. Results of foaming systems with colloidal particles (6) (7) (8) 10) are also pertinent when considering bacterial separations. Here we present the effect of the variables: gas flow rate, foam port height, added inorganic salts, and multiple additions of surfactant on the removal of Escherichia coli as measured by the membrane-filter, direct-count technique.
MATERIALS AND METHODS
Details of the experimental methods have been published (9 Figure 2 shows the relationship of the residual cell concentration to gas rate, with the foam removed at three different heights above the initial suspension level. As expected, the greater the gas flow or the lower the foam port height, the lower was the concentration of cells remaining in the residual suspension. Although the incremental change between foam port heights of 20.4 and 40.4 cm was greater than that between heights of 40.4 and 60.4 cm, there was no clear indication of an optimal height or optimal gas rate. Collapsed foam volumes were related to the same independent variables, as shown in Fig. 3 . As the gas rate was increased at constant foam port height, more of the initial suspension Fig. 4 for the same 19 experiments shown in Fig. 2 and 3 . As the volume of collapsed foam was increased, Zr was decreased, but at the expense of a more dilute foam. Thus, Zr or Zf (but not both) could be specified, and the gas flow rate and foam port height could be adjusted to produce that desired result. There appeared to be no optimal value of gas flow rate or foam port height; however, each had a significant effect on the foam separation of E. coli.
The concentration of EHDA-Br in the residual suspensions could also be related to collapsed foam volumes for the same series of experiments (Fig. 5) . The concentration of surfactant in each initial suspension was 30 jg/ml. Some points are missing, since, for the duplicate (and in one case triplicate) experiments that were run at each combination of gas rate and foam port height, only one residual suspension was analyzed for surfactant. Also in Fig. 5 Effect of the presence of salts. The second series of experiments was conducted to establish the influence of the presence of inorganic salts on the foam separation of E. coli; all previous experiments had been made with distilled-water suspensions. In each experiment, 10, 50, 100, 200, or 500 Ag/ml of the chloride or sulfate salt of sodium, magnesium, or calcium was added to the initial suspensions before the surfactant was added. The gas rate was maintained at 9.3 liters per min and the foam port height at 60.4 cm. For each salt experiment, a control containing no salt was run. The ratio of the residual cell concentration with salt (Zr8) to the corresponding control without salt (Zr) is shown in Fig. 6 , related to the normality of the initial suspension. With the exception of very low concentrations of CaSO4 or CaC12, the addition of any salt increased significantly the residual cell concentration. A difference between the sulfates of monovalent sodium and divalent magnesium was expected, but the fact that low concentrations (0.001 to 0.002 N) of the sulfate of divalent calcium did not increase Zrs/Zr in a manner simi-,o100 [ 
